≃ 13.4 µm.
Transport Mean Free Path lt
Since ls << L ′ , most of the transmitted light is scattered several times while propagating through one sheet. For several sheets, the diffusion approximation becomes valid. The total transmission coefficient can then be written as follows ( with R the internal reflection coefficient. Considering a mean refractive index of 1.5 for the paper (44), R = 0.57 (47) and z0 ≃ 2.4lt.
The measurement of lt has been performed with the experiment described in fig. S2A . A collimated laser beam illuminates the scattering sample and most of the transmitted light is collected with a powermeter. The transmission coefficient T is measured for an increasing number M of paper layers.
Figure S2B displays 1/T as a function of M. A linear fit of experimental points leads to an estimation of lt using eq. S2. With z0 = 2.4lt, we find lt ≃19.9µm.
section SII. SMR for various imaging techniques
To address the issue of MS in optical imaging, it is important to establish theoretically the limit of existing imaging techniques in inhomogeneous media. To that aim, the relevant parameter is the single-to-multiple scattering ratio (SMR). In the following, this quantity is derived theoretically for several imaging techniques (conventional/confocal microscopy, OCT, smart-OCT) to highlight the gain in SMR provided by each of them. To that aim, we will consider the detection and imaging of an object embedded in or hidden behind a strongly scattering medium at a depth F.
Let us first consider a conventional microscopy configuration. The target is placed in the focal plane of a microscope objective (MO). Under a plane wave illumination, the SMR of the backscattered wave-field in the back-focal plane of a MO is given by
with dσ/dΩ, the differential scattering cross-section of the target, W, the field-of-view (FOV) of the optical system and α, the static albedo of the scattering layer (45, 48) . Not surprisingly, SS is favored by the brightness of the target. However, the most important parameter here is the attenuation undergone by the ballistic wave across the scattering layer. Only a very tiny fraction of the incident energy, exp(−2L/ls), is converted into the SS contribution used for imaging. In addition to the severe attenuation of the ballistic wave, the turbid medium gives rise to a speckle wave-field whose intensity is given by the static albedo α. For a scattering layer of thickness L >> ls, its expression is given by (45) 
When one tries to image the target with conventional microscopy, the SMR in the conjugate image plane, referred to as SMRm, can be expressed as follows
increased by a factor N = (W/δ) 2 which corresponds the number of resolution cells in the FOV.
Whereas the MS background results from the incoherent superimposition of N independent speckle grains, the target image results from the constructive interference of the ballistic photons over the numerical aperture. However, the aberration undergone by the target ballistic wave-front across the scattering layer degrades the target focal spot and lowers its intensity. This is accounted for by the Strehl ratio S in eq. S6. S is directly proportional to the focusing parameter introduced by Mallard and Fink in the ultrasound imaging context (50).
To cope with the fundamental issue of MS, several approaches have been proposed in order to enhance the SS contribution drowned into a predominant MS background. The first option is to spatially discriminate SS and MS as performed in confocal microscopy. Ideally the incoming radiation is focused to a single voxel and only light backscattering from that voxel is collected, allowing to reject a large number of multiply-scattered photons. However, scattered light can blur the focused beam outside the target volume and unwanted photons from other voxels can be scattered back into trajectories that will be collected by the microscope. Theoretically, the SMR provided by confocal microscopy, referred to as SMRc, can be expressed as
Compared to conventional microscopy, the SMR is increased a new time by the factor N which results from the coherent summation of the incident ballistic wave-front at the target location. The
Strehl ratio S in eq. S8 accounts for the aberration effect undergone by this incident wave-front.
The second way to enhance SS relatively to MS consists in discriminating SS from MS photons with coherence time gating. It allows to select the ballistic photons over a time window centered on their time of flight. Probably, the most widely employed coherence time-gated technique is optical coherence tomography (OCT), which combines scanning confocal microscopy with coherent heterodyne detection. The MS intensity is now given by a time-dependent albedo α(t) (45,48), with t = 2F/c, the ballistic time. The SMR in OCT can be deduced from eq. S9 by substituting the static albedo α with the ratio ∆ω/α(t), with ∆ω the bandwidth of the light source (inversely proportional to its coherence time τc). The SMR in OCT, referred to as SMRt, is thus given by
Compared to confocal microscopy, the SMR in OCT is increased by a factor ∆ωα/α(t) which accounts for the number of multiply scattered photons rejected by coherence time gating. The timedependent albedo α(t) differs according to the imaging configuration. If the target is placed behind a scattering layer of thickness L, the following expression of α(t) should be considered (51)
where D = clt/3 is the diffusion constant that governs wave transport across the scattering layer. If the target is embedded within the scattering medium, the time-dependent albedo for a semi-infinite medium should be considered (45,48)
According to the experimental configuration, the time-dependent albedo either displays a power law or an exponential decrease with the time-of-flight. In both cases, coherence time gating allows to drastically reject multiply-scattered photons.
In smart-OCT, in addition to confocal and coherence time gating operations, an eigenvalue decomposition of the single scattering reflection matrix RS allows to get rid of the residual multiple scattering contribution. Whereas each ballistic echo emerges along one single eigenstate of RS (the signal subspace), the incoherent MS wave-field emerges with the same probability along its N eigenstates (31). This implies an enhancement of the SMR by a factor N = (W/δ) 2 compared to OCT [eq. S10]. Moreover, smart-OCT does not suffer from aberration issues in terms of detection. Timereversal processing directly yields the distorted wave-front that compensates for the aberration effects induced by the scattering layer (31, 38, 39) . The SMR ratio is thus independent of the Strehl ratio S. As a consequence, the SMR associated with smart-OCT, referred to as SMRs, can be expressed as
This theoretical study is first applied to the experimental configuration described in the accompanying paper. The parameters used for the computation of the SMR are described in table S1.
The transport parameters of the paper (ls, lt, R) have been derived in the first section of this supplementary material. The experimental parameters (λ, F, NA, W, τc) correspond to those reported in the paper. The differential scattering cross-section dσ/dΩ has been estimated from Mie theory (52) by considering a 10 µm-diameter ZnO spherical bead as a target. The numerical value given in table S1 corresponds to an average of dσ/dΩ over the numerical aperture of the MO. At last, the Strehl ratio S is estimated from lc, the coherence length of the ballistic wave-field in the focal plane, such that S ∼ (lc/δ) 2 . As lc ∼ 5 µm in the reported experiment and δ = λ/(2NA) = 1.6 µm, it yields S = 0.1. Figure S3 displays the evolution of the SMR as a function of the optical thickness L/ls by applying numerically eqs. S4, S6, S8, S10 and S14 with the parameters shown in table S1. Note that eq. S12 is considered for the computation of the time-dependent albedo α(t). Figure S3 illustrates how a confocal illumination and a coherence time gating allows to drastically improve the SMR compared to conventional microscopy. Nevertheless, the theoretical OCT imaging-depth limit (SMR∼ 1) remains limited to 7ls in this configuration. This explains why the time-gated confocal image is not able to reveal the presence of a target for an optical thickness L ∼ 12ls in our experiment. On the contrary, the smart-OCT imaging-depth limit is predicted to be around 12 ls. This is in a remarkable agreement with our experimental results showing a successful target detection for an optical thickness L ∼12.25 ls. On the contrary, the target is far to be detectable and imaged whether it be by conventional microscopy (SMRm ∼10 −10 , eq. S6), confocal microscopy (SMRc ∼10 −8 , eq. S8) or by OCT (SMRt ∼10 −5 , eq. S10). The SMR of the backscattered wave-field is of 10 −12 (eq. S4) meaning that only 1 reflected photon over one thousand billions is associated with a single scattering event from the target in our experiment.
In Fig. 5 , the SMR is displayed as a function of the optical depth F/ls in the context of biological tissues imaging. Note that the SMR for conventional and confocal microscopy (eqs. S6 and S8) has been computed by considering the asymptotic limit of the static albedo (α ∼ 3/(8π), see eq. S5). As to coherence time gating, eq. S13 is considered for the computation of the time-dependent albedo α(t) as the target is assumed to be embedded within the scattering medium. The parameters used for the computation of the SMR are described in table S1. The considered transport parameters (ls, lt) are typical of in-vivo cortex tissues (53). The experimental parameters (λ, F, NA, W, τc) are typical of full-field OCT (42). The internal reflection coefficient R is assumed to be zero since the use of an immersion microscope objective will limit the impedance mismatch with tissues. The target scattering cross-section is arbitrarily chosen to be the same as in the reported experiment. At last, the Strehl ratio S in brain tissues is estimated from a two photons microscopy experiment that reports a fivefold signal enhancement when optical aberrations from the brain tissues are corrected with adaptive optics (54).
section SIII. Eigenvalue distribution of the reflection matrix in the MS regime
In this section, we derive the numerical method to obtain the eigenvalue distribution of † expected in a fully multiple scattering regime [see Fig. 2F ]. If the coefficients of RS were complex random variables independently and identically distributed, the eigenvalue distribution would follow the Marcenko-Pastur law (55,56). However, this assumption is not fulfilled here. First, all the elements of RS do not exhibit the same variance because of the single scattering filtering operation [see Figs. 2E and 3E] . Second, some residual correlations may arise in the measured R−matrix due to experimental imperfections. In particular, a slight curvature of the reference beam in the experiment may induce some short-range correlations of the wave-field at the output.
The correlation between two coefficients ril and rjm of R can be expressed as (57) 
where the symbol < . > denotes an average over the variables in the subscript. From these correlation coefficients, one can estimate the correlation matrices C and D.
Once C and D are estimated, one can deduce the eigenvalue distribution expected in a fully multiple scattering regime (58). It consists in generating numerically a matrix P whose elements are circularly symmetric complex Gaussian random variables with zero mean. Then, a matrix Q is built from P, eigenstates of R and , respectively.
Supplementary Table   table S1 . Experimental parameters used for the theoretical prediction of the SMR in Fig. 5 
